THE most cursory examination of the base of the skull of, say, a Lemur and a Homo reveals at once the striking fact that the bulla, which is such a conspicuous feature of the lemurine skull, is completely absent in Homo, but that in Homo the area previously occupied by the bulla is honeycombed with small air-containing spaces which we recognize as pneumatization. Professor F. Wood-Jones suggested to me that an examination of the temporal bones of the Primates might help to elucidate the underlying mystery of this change, particularly as it was felt that the structural changes must, as in all cases, be a reflection of changed functional need.
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THE most cursory examination of the base of the skull of, say, a Lemur and a Homo reveals at once the striking fact that the bulla, which is such a conspicuous feature of the lemurine skull, is completely absent in Homo, but that in Homo the area previously occupied by the bulla is honeycombed with small air-containing spaces which we recognize as pneumatization. Professor F. Wood-Jones suggested to me that an examination of the temporal bones of the Primates might help to elucidate the underlying mystery of this change, particularly as it was felt that the structural changes must, as in all cases, be a reflection of changed functional need.
In the investigation it was decided not to consider the various cranial elements forming the tympanic cavity or their phylogenetic origin, particularly as this field had already been well covered by many previous writers. Consideration was given to the evolution of the ossicular chain, but as this was done from literature and not by original observation, it is not included in this paper.
When the lower vertebrates which were formerly wholly aquatic in their habits became even partially terrestrial, a new method ofconducting sound waves to the ear was necessitated, and so the eustachian tube, the tympanic cavity, and the external auditory meatus were developed. It would seem that from the first inception of a mechanism to deal with airborne sound waves, there developed a resonance chamber intervening between the membrana tympani or its homologue and the internal ear, and that this resonance chamber was essentially a dilatation of the posterior end of the eustachian tube. This posterior dilatation we are accustomed to call the bulbus eustachii. In the primitive land-living vertebrates, it is a comparatively small cavity, the limits of which are defined by the area occupied by the membrana tympani on the one hand, and the immediate region of the fenestra ovalis and the fenestra rotunda on the other.
In the very lowest of the marsupial mammals a marked advance from this condition is met with; there is still the tympanic cavity of the lower vertebrates which is represented by what we term here the atrium, but in addition to this the cavity is enlarged by an apparently new dilatation of the bulbus eustachii. This is the cavity which in mammalian anatomy is referred to as the auditory bulla. The development of this added resonance chamber appears to be a necessity in all the lower animals regardless of their phylogenetic relations, and in the different phyla the chamber is formed by such varied cranial elements as the entotympanic, the petrous, the sphenoid and the squamosal.
In all these primitive mammals the internal carotid artery is a comparativelv small vessel, greatly exceeded in size by the external carotid artery, but in the primitive mammals the large cranio-facial area derives its blood supply from the external carotid artery, whilst the smaller of the two vessels, the internal carotid artery, supplies the brain, which at this stage is relatively small. In the different mammalian types, the internal carotid artery enters the skull in a variety of ways. In the Primates alone does the site of entry eventually happen to coincide with the area from which the bulla is derived, but so long as the internal carotid artery remains small, there is no embarrassment to the bulla, but when the carotid artery increases in size, it eventually usurps the area occupied by the bulla. Fig. 1 shows the bulla of Tarsius, which it will be seen greatly exceeds the size of the atrium proper, and the carotid canal is present as a thin tube of bone passing through the posterior margin of the bulla.
In fig. 2 -Under side of the right tympanic region in the skull of an adult Papio. The petrous apex has had its lower surface removed. The external auditory meatus has been removed and the atrium is exposed. The posterior portion of the temporal has been opened to display the pneumatization. Fig. 3 graphically illustrates the effect of the ever-increasing size of the internal carotid artery on the bulla area. It is probable that the antagonism between the development of a large internal carotid artery and the formation of the bulla chamber in the area of bone that it invades is capable of a functional explanation. In the Primate series, the internal carotid artery is an ever-increasing vessel, because of the demands of an increased blood supply to an ever-increasing brain. In the final stages, when the typical development of the cortex characteristic ot the higher Primates is achieved, the internal carotid artery has usurped the whole of the area in which the primitive mammalian bulla is developed.
It would seem justifiable to imagine that a reduction of the resonance chamber connected with the tympanic cavity and the enlargement of cortical auditory areas might have been a harmonious process in the development of the Primates. Meie auditory acuity, as Cuvier postulated, is of the utmost importance as a life-saving mechanism in more primitive nocturnal animals, to which even the slightest sound is their principal warning. The cortical sense of this sound-receiving mechanism need not be, and in fact is not, at all extensive. The auditory sense organ of the lower animals may be described as a mechanism developed for a quantitative appreciation of sound waves, of which the cortical connotation need not necessarily be pondered. On the other hand, in the Primates with their ever-increasing cortical area devoted to the psychical appreciation of sound, the actual efficiency of the end-organ need not necessarily be so great; indeed, the story that applies to other sense organs of the Primates seems to be true in the case of the ear. For survival importance, the cortical interpretation of any sensory impulse vastly outweighs the perfection of the sensory receptor.
Some slight anatomical evidence of this in the case of the ear may be obtained by contrasting the brains of the New and the Old World Monkeys (fig. 4) , for it is here seen that the part of the brain connected with subcortical reception of auditory impulses is the inferior corpus quadrigeminum, and it would be natural to suppose that this body might be better developed in animals that had an efficient area of cortical representation. In contrasting the inferior corpora quadrigemina of the New and the Old World Monkeys it is found that in the New World Monkeys, where the bulla development and epitympanic extensions are still present, the inferior corpora quadrigemina considerably exceed the superior bodies in size, whereas in the Old World Monkeys, where the bulla region and the posterior extensions are practically obsolete, the reverse is true. /tUI C gcaU'S 423 7
Why the bulla area should be replaced by pneumatization is one of the unsolved problems in comparative anatomy, and this investigation has not helped to solve it, but it would appear that the bulla mechanism is rendered obsolete by the growth of the central critical faculty of the brain.
The reproductions are photographs of the original black and white drawings which Professor Wood-Jones was kind enough to make for me. THIS enquiry was undertaken to ascertain whether the opinion held by English Otologists of the last century, particularly G. P. Field (1893) , and later by Van Gilse (1938) and Belgraver (quoted by Van Gilse) of Leyden, that massive exostoses of the external auditory canals were the result of long-continued swimming was still valid; and if this was supported, to discover the causal factor in swimming producing these changes, and to ascertain the incidence of deafness in their presence, as an indication of possible associated exostoses in the middle ear.
During the past five years every patient in whom external canal exostoses have been observed in my practice has been asked for a history of swimming. The questionnaire included the family liability to deafness, the age at which swimming was learned, the number of years during which it was practised, either occasionally or regularly, in baths, river or sea. It included the swimming stroke used, the practice of diving or plunging, swimming under water, and the habit of immersing the head when taking hot or cold baths, and the use of a rubber head protector.
In all, 22 men and 6 women presented exostoses, and all gave a history of regular practice of swimming. The ages of the men ranged between 22 and 57, and they began to swim at between 5 and 14 years old, while their swimming history was from 6 to 41 years. The ages of the women ranged between 17 and 44. They had learned to swim at between 5 and 12 years old and their swimming history extended from 10 to 33 years.
In these 28 patients social deafness was only present in 6, and in 4 of these a family liability to deafness was recorded.
Of the swimming strokes used, the breast stroke predominated. Diving and swimming in fresh or salt water, either in the tropics or in England, appeared to have little influence on the size of the exostoses present.
In the course of this enquiry, however, other patients suffering from deafness who had no exostoses gave a swimming historv, and it became evident that only a proportion of those exposed to similar risks developed -these bony changes.
To estimate this proportion I examined in 1947 the ears of 18 boys aged 13 to 19 years, who were members of a public school swimming team, with a swimming history of from two to eight years. Of these, 14 showed evidence of exostoses, while 4 had normal canals. As a control, 1 I school non-swimmers of the same age-group were examined, and of these only two showed deviations from the normal symmetry; one of them immersed his head in hot water baths; the other had no water history at all.
In assessing the. tiological factor in susceptible individuals the effect of hypertonic and hypotonic solutions was considered, and also the possibility of a surge ofwater in wide canals. I reached the conclusion that the stimulus of cold some 350 F. below body temperature is chiefly responsible. This view is supported by two other cases of exostoses in men who were not regular swimmers. One 
